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WIND-TUNNEL INVESTIGATION OF TEE EEWECT OF POWER JQJDFLAK

. ON T&Z STATIC LONGZTUDIX4L ST.KBIL2YP”YAND COItE’R@L

CI!XRACT’ER3jSTICS02?A SINGLE-ZNGINZHIGH-WING
. .

MXPL$KE NOD7L
,.

By J’ohnR. Ha&mrrian ..-

?sUMAIw

,..,..,,

An investigati.onwas condwted to de&z-mine the effect of power
and full-span slotted fle.poon iiieIongitudind W.eMlity and control
characteristics,of a si-e -en&i@ hi@:-wing airplqne. The”imd.el
combinattons lnvesti@&d 3.ncludedthree pwer Gcm,ditions- nameQ )
propeller off} yrapell.erwk@wlllingJ &d power o~ -‘tasted with
flay neu’hnaljs~glq @otted ~,kg, and double slott+ flap.

:,.
,“

. T& results up ‘t& W.vesti@tion r3veaieA t+i “deflectionof the
double slotted flap “produced.almost twice as much lift incremmrk as “ ‘“-
did tke deflectlon of.tho sin@e slotted f~p. “Thea~plicatio~ of

w power gjreatlyirm%a~d the let @creuents a@ tail-off Mf t-curve” :- “‘
slopes. The e#plicati&’ of “power”@cz%”aSed tl’i-‘s@bllfty of tie
moilelfor 82.1thrae &lay c.ti@uatione. Ele+a%r deflection required
to trh was greatlyincreased wilil~incr&ase.in fkp deflectioui -‘
The application of power decreased “theamicunt.@ ne~tive elevator . “
required to tri’d.the.model for all tltieeflap confi~vratians. ~‘
Detlecthg the flaps reduced tl:emexirLumwing loading that q be

.

used.with power off l~itiloutexceeding a sirikingspeed of’25 feet yer
second. IMkctin~ the flu~s reqq@ed @ .ticreaqe,in ymzer to
r!aintainan indicatid sinking spsed of ~ feet per ‘sec+ondat a
given wing loading. .

. ,, . . . .

The developmn% and use.of M@ -pqwerad pn@nes kve inticduced
pronounced and irqartant ef~ects.“upon“thest@ility -end coiktil : “
ch==teri stics of the airplane. l?fievio* papers *x3,*S-hotithat , -”
the
the

propeller lwd.some effect on the bhai..acti~i~tics “eveh when:i-n
—

windmill+lng condiii~on. TM direct etfect8 of the propeller, ,
. .

——



2 ●
lWOA m No. 1339

such as thrwt, tor~uej and normaL Force}eictm the airpl~,t~o~
the proyeller shei%. The indirect effects, which may he le.?xyrj
result from the interaction of the propeller slipstream with the
component parts of the airplane. When power is ayplied, the effect
is much greater. Some of the effects of power are shown in references 1
and 2. Reference 1 also presents emanalytlcal study of the con’&i-
InrMons of power to longitudinal stability.

Hi@-lift devices, es~ cial.lyflaps,also have a prono~c~d
influence on the stzibilityand control characteristics of the
airplane. Flaps are known to increase the dif~iculty of obtainin~
longitudinal trim and stability for all fli~t conditions and to
increase the adverse effects of power in many ca~es. The use of
more effeotive high-lift flaps may be expected to a~avate WOE@
difficulties with the possibility that the flaps may be of primary
concern as regards longitudinal sta’’ilityand control.

The location of the wings also has pronounced effects on the” ,
stability of the airplane. Hi&-wing airplanes tend to have more
longitudinal sta%ility at medium and high lift coefficients than .
low-wing airplsmes (references 3 and 4).

Up to the present tim knowledge of the effects of power on
airplanestabili~ is incomplete and does not permit quantitative
predictions. The literature (see bibliography) contains almost
nothing on power effects with deflectid fla~s or with different wing
position. The present systematic investigation .ofthe interrelated
effeots of power, flaps, and wing position was thereforo started
in 1941. Longitudinal and lateral stabili& and controldata were
obtained for a basic model (<ig. 3.)w5.thdifferent confi@rations.
The present paper covers tineinvestigation of the lon@tudinal ‘
etab~lity ah ;ontrol
has beennecessaryto

of the model a; a high-wing ai~lako. It
limitthe analysisto qualitative considerations.

coEFFIclImm AND SYMBOLS

The results of .-thetests are presented in the form of standard
NACA coefficients of forces and moments. Pitching-moment coefficients
are given about the center-of-gravity location shown in figure 1
(26.7 peroent M.A.c.). The data are referred to We stalxllik~axes,
which are a system of axes having their origin at the center of
gravity and in which the Z-axis is in the plane of symmtry and
perpendicular to the relative wind, the X-exis is in the plane of
symetry and perpendicular to the Z-exis, and the Y-e.xisis perpen-
dicular to the plane of syzxnetry. The ,yositivedirections of the
steibillty.sxes,of the angular displacementsof the airplane and control
surfaces, and of the ?d.ngemomente are shown in figure 2.
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Tho coefficients and aym’oolsZ3XC3dei’imtlim. tollows: -

lift Coeffici,witl(2/$3)

increment in Iii% ecmfficient &ue +!mflap deilectiun

slope of lift curm= per de~e

hor:zmtal+ail lift cwfficient (LJqtSJ

Lmgitmdincl-?cmx ctifflcient {x/qs)

pitchtn~-mcmeni coei’ticien< (M/qSc’)

tail-off pitching-mment coefficient

elevalmr MJW3-3n3Y3@ cw<fi.cient.“(H/qbe:Ee&:)

effective thru.etcoefficient ‘iasedon winG area (i!eff’/qS)

torque ccwfi’ic?.ent(Q/pT+%)

j?rapellerm!lwnce-iiime%r ratio

lm.gttudin.clforce .

rolling mment, pound.-feet

yawin~ mcment: pound-feet .

3

,- -

..-

pitchir+jmoment shout Y-8xis, pound-feet

horizontal-tail lift, #08i~ive upward, poundB
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-propellereffective thrust, pounds

----
.

propeller torque, pound-feet

0
P+free-stream dynamLc pressure, pounds per square foot ~

effective averagw dynamic pressure at tail as dete~d
from pitching-moment data, pounds per square foot

wing area (9.44

horizontal-tail

airfoil section

sq ft on model)

area (1.92 sq ft on model)

chord, feet

wfngmean aerodynamic chord (M.A.C.) (1.36 ft on model)

elevatorroot-mmn-squsre chord back of hinge line
(0.26kft on model)

WX S- (7.458 f-ton model)

elevatorspanalonghingeline (2.546 ft on model)

tail length measured from center of ~avity to quartar-
chord point of horizontal-tail man aerodynamic chord .

air velocity, feet per second ~.

proTeller dieu@er (2.00 ft onm~el) —,

propeller speed, r@

mass densi,lqyof

angle of attack

angle of attack

effective engle

air, slugmper cubic foot

of fuselage center line, degrees

of tail chord line —

of downwash at the tail as deteminod
from pitoiiing-momentdata, degrees

angle ,ofyaw, degrees

en@e of stabilizer with respect to fuse3.a& center line,
positive when trailing ed~ is down, degrees

--1

1

——
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oontrol-surface deflectbn wit...respeci to chord of fixed
surface, degraes

pro~911er Wade angle at 0.75 radius(25°& mcdel)

tail-off neutral point, percent wing mean aerodynamic chord;
distance of tail-off neutral point behind leading edge
of wing mean aerod#nWllicC.?lord

neutral point, pmoent wing mmn ssrcilymsmicchord; &i.stance
of neutral.point behind.leading edge (center-of-gravity
location for neutral sta%ility ti trimed fli@t) ,

indicatea airspee~, miles per hour @W/I.467)

sinkir~ e~eod, feat per second . . -.

indicated sinking,,E~ed,fact pr ~co~ (~s)
... .,

ratio .ofair density at altitude to air deriaityat ‘sea .
, level ‘“ - ,. —.. .

. .
Subscr’iptp.{ -’ ... ‘

a Aileron ...

r.’
-.. . ..

,“

b. &immed conditions with’center cf’&avity at =We netitr~’ :, ~.

e . eiqvator -
..

eff efkectiva

r rudder

t horizontal tail

The tests ,wre conduotkd in the Lan@.ey

-1 . . . ----

.-.

.,

. .

.,. . .

,-.
. . :,.. -
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. .,,. .,.
.. .. . -. -.”

,,. ” ---
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*’ described tn references 5 snd 6. ~.e testbody is a +-scale.m~il . “.
5..

of a fighter-t~e airplane (fig..1). The wing &ign chaI& teristics
t*. sre given in table I. No landing ~ar was use!,for the~e~.t+sts,””- -

inasmuch as tlieeffect of landing &EJarson ion@.$udii@.jstab.~lity . ~
is know to be’m&ll. .....
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The wing was fitted with a hO-percent-chorddouble slotted flap
covering 93 prcont of%the span. This flay was desi~ed from the
data of reference 7. For the flap-neutral tests the flap was
retracted end the gaps were faired to the airfoil contour with
modeling clay. For the single-slotted-flaptests, the front flap
was retract%d and fdired to the airfoilcontourwith modolin.gcla#.
The rear flap,which ropresentied,tllefla~ for a ~in~k.-~lotted-flap
configuration,had a 25.66-percent chord and was maintained at
a setting of 3(3°for the single-slotted-flaptests. For the double-
slotted-flaptests, the rear flap was eet at 30° reltitivet-c-the -
Yront flap which in turnwas set at 30° r~lative to the WIW. With

flaps deflected there was about ~-inch clearancebetweenthe end
32

of the flap smd the fusela@.

During the preliminary stages of the investi@tion it becams
apparent that a conventional horizontal tail surface would be
inadequate to provide lon~itudinal trim when the double slotted
flap was used. As a result, the horizontal tail shown In figuree 1
end 3 was desi~ed for the present tests. (See ta%les Iand II.)
The present horizontal tail has en inverted Clark Y edrfoil secrtion
and is equipped with a fixed leadin&ed@ slot. The slot had a
constant chord but was located to approximate the best slot shape
given in reference 8. For the flap-neutral and single-slotti-flap
stabilizer and elevator tests, the slot was filled in and faired to
the contour of the tail. The slot was left open for ox s~billzer
setthg during sin@e-clotted-flap tests for c&arative purpoees.
The tail slotwas left open for the double-slotted-flap tests.

Tests were made to determine the characteristics of the
horizontal tail for use in the determination of the angle of down-
wash and the dynamic-presstie ratio at the tail. ‘l?or’thesetests
the tail unit was mounted in the Langley 7- by 10-foot tunnel M
shown in figure 4.

The 2-foot-diamter, three-blade, tiight-handnetal propeller
was set Tor a bleiieangle of 25° at 0.75 radius for all tests. The
dimensional characteristics of the ,propller are given In figure 5.
The power for the model yropel.lerwas obtained f-rema 56-horsepower
water-cooled induction motor mounted in the fusela~ nose. The
propeller speed (rpm) was measured by roams of an electric tich~tar
accurate to within 0.2 percent.

Elevatorhln@ moments were measured by means of an electric
strain &age mounted in the stabilizer.

-..

—i

—

.

L’
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TESTS AND RESULTS

Tbst COXlditiO~

The tests were rcadein the Langley 7- by 10-foot turmel
(reterence 5) at deynsmic,prassuresof 12.53 younds per square foot
for ycwer-o~ tests with the daubla slotted flap and 16.3’/p~tisu .
per square foct for all other tests. T%ese dynamic pressures
ccirrespondto airspeeds of about 70 and 80 miles per hour. The
corresponding test Re~ol.ds numbers wam 875;000 and 1,000,000,
based on the wing man aezmdynsiaicchoti of 1.36 feet. Because ‘
of the turbulence factor of 2..~ for the tunne1; ef~ective Reynolds
nurhers (for maxjxmm lift coefficient3) were s.lmut1,400,000 and
1,500,000.

Corrections

All.pcwar-on data have been corrected for tares caused hy the
model support strut. Xo pwer -otf tares were ob‘ained becaus& they
have %een found ta be relative~f small and erratic on similar models
with flaps deflected; thus, omtssion of the power-pff-tares is not
believed to chen&e ths results very much. Yb9 test results for
the isolated horizontal tall were cmrected fcr tares ob’ained by
testing the tail aasemb~v wi’& tlie horizontal tail removed. Jet-
boundard~cGrrections that inclu&s the effeet of’slipstream have beefi
applied to Vae anqles of attack, the.lon.@tudinal-fcrceccefficibnt, ““
and the tail-on pftcki~ -mcment coefficients. !l%ecorrec+icns
were computid fra. re:erence 9 as tolhws:

.

t
.

where

jet-bou&wy correction factor at wing “(O.1125)

.

..
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total Jet--bomdary

0.20 and 0.21)

NACAT!N ~{0. 1339

ccrroct’ionat tail (v.wies between

s model WiIW area, (9. h.4nq ft)

c tunnel cross-sectional ena (69.x sq ft)

!?%

8L%
rate of than@ in pitchi~-momsnt coaZflct& per degree

chariCein ste.bilizuvEetting as de+mrnined im tests

Q.t/q ratio ~f ef~ective dynamic premmre over the horizontal
tail to free-streea ~$:memicpre~sure

All corrections were added to the‘te~t data.

Test i%ocedum

Propeller calibrations were mde by meas~lringthe ion@ tudjnal-
forco coefficient for a range of propoller Speede with the rmlel.at
zero an@e of at’hx.k,flap neutral, and tail removed.. The effective
thrust m.m’ficient Tc’ was then determined i’romthe ralation

q!c I
= (h -c

‘~ropellm operati~ %ropel.1.er renmvod

.

—

.
a-

The motor tmque was also masu..-edfrom wliiclipropol19r effi,ctoncy
F

wes computed. The results of the propeller calibration are sham
in figure 5.

The variation of the effective thrust ooefficierrt Tc I with

the lift coefficient CL tied for the tes?m ie @_ven <n figure 7.

A straight-line variation was used becmum i,t’is a close approximation
to the varfation for airpkmes wl~h constant-spsed propelloro
operating 2% condent powi3r. Prallmlnaxy runf3were mace by eetit*
the propeller speed to ohtaln a given value C& Tcz and then
varying the an@ of at‘&cl: a I.ultilt~.eValw of CL, corresponding
to the set value of Tc ‘ indicatid in fi~uro 7, was read.on the

i3calo. The resuits were then croes-plotted to obtain a curve d’
propeller speed against an@.e of attack. All subcmquent power-on
testa with the sam flap setting were also made at the angles of
attack correspmding to the efore-mention.edpropeller speeds.

The use of a stratght-line Variaticlnof T~ ‘ wit]i CL i~li~~

that the propeller ef’ficiency is proportional to the speed; for this

I
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case the value of

requires propeller
lift coeffIcients on an actual atiplane, the error in T=’ is small
because the values of l?c’ are -1. me value of TC’ for the
tests with the pro-peher wirk!millingwas about -0.005. ll%eapproximate
amount of en@ne horsepower represen%d for various model scales and
wing loadings is given in fi~a 8.

Because of en error h part of the investi~tion cf the double-
slotted.-flap configuration, some of the data are mitted. The data
presented herein are composed d both stabilizer and elevator tests
plotted in the ssm fi~e. Neutral po@ts were determined from
these data w?.erapossible, but,the stabi~~ pszzazwkerswez% not
obtainable. . . .

Me~m3 of AneJ.@.6

Neutralpoints.- A neutral.point is a center-of-gravity location‘“
..A — .-

for which %%?

d%
d%

case, — -
dCL ~s

. Td’b CL. The*

is zero an& ‘be airplane.is trinmed. For the power-on

evaluatid with the a~proyriati.variation of Tc ‘

neutrel points were determine& by the method of ‘

_n*s developed in references 10 end 1-1. The use of this method
provides the locations of neutral points but does not show qualititim”lj

● the individual aerodynamic factors (ky@tudti-stability psmmters)
effecting the locations. When the neutral point is behind the cen’ter
of ~avi~ the airpla~ Is statically stalle. The symbol ~ ie ‘
use~ to refer either to the nendmal point or to its distance from
the leading edget Phrases such as ‘[increasein ~, “ “np moves
rearward,“ end. “increase in stabili~” have the sem significance
in the discussion.

The follow-lngequation, although labortous for-the solution of
“neutral points, shows tinerelative significance of vhe several 4
aerodynamic factors. The derivation of this equation is found in
the appendix of reference E. The neutral pcints were compute& “
by the method of tangents of rm?eaence 10 and checluxiby the present
equation which is accurate witkin &2 percent.

. ‘“t%G-2) ~%ff‘tb ~ q
‘? =nc+ .

(d%) (
l-P)

~b
‘cLb(* -~
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where

v. horizontal-tail volme coefficient for the center tit
% fyavl~ at the neutral point

dc~t -.
isolated-tail lift-curve slope

d%

Qt/q effective -c-pressure ratio

f U3J()da. ~
tl’imlift-curve Ulope of Cornple$eaiX’pMn-e(fGr derivation

see appendix of reference 12)

C%ff
pitclrlng-rmmeptcoefficient about the efi-sctivetail-off

aerodynamic center ~

Q!2
da

rate ot change of downwash an@e witifiangle ~f attaclc

c%) trim lift coefficient of ccmplete airplane

Dynemic-~ressure ratio,-.For the metiiodof detm.’mtnin~”the

effective dynamic-pressuxe-ratio qt/q and the e$fec%ive dcwnswmh

a.r@.eat the tail c, see the appendix of referenceU!. ‘1’hoee
values are obtained from the contribution of the tail to the pitching
momm.t and are not necessarily those that wculd be obtainod from
flow surveys.

I
. .!

k’:
—

—

●
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Presentation of Results.

A short outlins of the figmes showing the
a~ follows:

.

11
..‘

test results is

Stabilizer tests . . . . . . . . . . . . . . . . . . .
Isolated.-tail tests.... . . . . . . . . . . . . .
Neutral points:

Effect .offlaps. . . . . . . . . . . . . . . . . .
Effect of power . ...”... . . . ..”......
Incremm.ts due @power. . . . . . :-----. .“. . .

Stability.~amters:
Effect oF flays . . . . . . . . ... . . . . . . . .
Effect of power.... . . . . . . . . . ... . ‘..
Increments due to power.. . . . . . . . . . . . .

Elevator tests . . . . . . . ..=. .”. . . . ..-. c---
Tuft studies (dou%le slotted flay oriqv) . . . . . . .
Ianding characteristics : . . . . . . . . . . “. . .“.
Power requirad to rpintain an indicated sinking speed.

of 25 feet par secQnd at O.@XL . . . . ~ .. . .-

. .

. .

. .
,.
. .

. .

. .

.,
,,
. .
. .

. .

Fi.@xre

. gtoll

. . . . I-2
-..

.,. . 13

. . . . 14

. . . . 15

. . . . 16
,.. . l’f

. . 18
.1; and 20
. . . ● 21
.,. . 22

● ..* 23 “: :

DISCTJSSIOX

Lift C!lLarac&r~stfc6 ‘ ,,

b“

Because the teats were not carried @rough mxiimum ~ift, a .
..

comparison of’the maximum .Iiftcoefficient of’he model with the
maximum lift.coefficient fron section data was rat possible.

~fect of flaQs_.”- The double-slotted-flag co@igwation pfoduc@
almost twice as much lift-copfficient increment as the sin@.q-sIotted,-
flap configuration without power. (See table III.) The tncremsnts
~.orbo~n,confl~maticms wbre fncrea~ed %y powar~ ly,zttke dou%le-’.
slott3d-flap configuration prodticedthe ~eatir increas9,. Tke
greater increments in lift due to the douible’slotted.-flap qrs - _-;...
caused by greater jhrust CoeffiCiOntS at the kig%r lift co@ficient-s;
The results are fin&eneral.accord with theory. ‘ r -- - ~ _ ““

Effect of puwer.- Application of power resulted in substantial
increases in ..@il-off lift-curve slopes and tail-off’iift coefficient.s
for all flap configurations (table III). The Mr&est inc”reaaesWere
obtiined ~or the .dcub& lotted-flap configura’tion. The-increases in -
lift coefficient are chused by the increased velocity over the part



12 NACA TN NO. 1339

of the wing in the slipstream. The increases in Iift-zurve f310pe
are caused partly by the growth of tintsincreased velocity with
angle of attack according to the thrwst-coef’fici.entvariation
~ct = 0.161cL. This action of the propellei*slipstrmwm upon the

lift-curve slope and”liftaoefficient increment is charactel’istio
of airplanes employing ti%ctor-propellerarr-ements, (See
hiblioC~ap~y.) The flap yr6vides grsdter inc~emente of lift
duri~ powe~n operation if immersed in the slipstrcm,m. Values of
i,hetrim-lift increment of the ccmplote al@.ano are lower than
tail-off lift increments of table 111 becauso of tho large down
lcmdE required by the tail.

os5.tion,-A comparison @ the model tested as
a 10~~%~Z~ * )relerence 12 and the model tested as a high-
wing airplane (present paper) showod that the hi@ wing model
produced slights higher lift-ourve slope~. The lift increments
oaused by power and flaps, however, wore about the same -for_both
models,

Eleve,tor-FixedSta?3ility

Effect or flaps---A stugy of the neutral--pointourvesin
figures Is(a) and is(b) indicates an Increasa in stability WIth
em inc~reasein lift coefficient for all i’l~pconfigurations investi-

.

gat%d. This increase is noted in most high-wl%” airplane data and
is largely due to the rearward movement of no with l.ift coefficient. v
(See figs. 16(a) and 16(b).)

A comparison of.the data for the flap-neutral and sin@~lotted-
flap configuratione ~howed a f.ozwardmovement of the ncmt?al point
over the”lif~oeffic ient ran~e. This foi~rd. movagent Uy be
largelyattrilwted to the fozward shift of no and also the increase

~ (dCL/da)b. (Gee fi~w, 16(EL)and 16(b).) The effeat of the

double slotted.flap compared to the sin@e slottod flap ehowed
very l.ittle chemge in neutral~yoint location at the M.ft coeff io ients
for both ‘flapconffigyrations”.

The larse forward shift of no” is yresumd to be c“~oneated

by an lncroa63 in
()

%tt/~ , With the application of power the
dCL b

neutral point showed the tendency to move forward with increasing
lift coefficient for the three flap ccnfiguratione investl~tcd.
(See fig. 15.) This Increase in
inorease in ~.

~ may also be tmced to the
(See fi~. I-6(CI). ) A comparison of the fle,p-

neutral and the single-elotted-flap configurations ghowed a 10SB in

n

r’

r
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stability at the same lift coefficient. The ccmqymxteonof the single-
slotted-flap and double-slotted-fla~ confi@rqticme, hwever$ showed
an increase in stability at the l~ft cmfficients. The loss in
stability caused by tinesin@e slotted flap may be traced to the

increase of [1d(qtj~]
(~L/da)~ end the decrease of botln qt/q and —

(ic~ ~

(~~ f% ~~(c).) The increase in s-ba.bilityresulti~ from “tie
double slotted flap is incompletely explained because of the lack of
data, but an inspection m= the tail-6ff pitchtng-momnt curve of
fig.we Ll(c) sug~stm that. ~ is l~@y responsilile.

Effect of pow=. - The @eatest stability {~St ~~”~p),
in agreemmt with references 1 ana 2, was obtained with thepropeller
off. (See fig. 14.) Addition of the windmil.lingpropeller for all
three flap configurations reduced tke,stability appreciably.
Application of power brou@t a mater reductton. By fer, t~,egreatest
reduction occurred at bi~. lift coefficients with @e dotile slotted
flap defleoted. -.

With the _prapellsrwindm31Llng and flap neutral (fig. lk), ”” -
the loss in stzibilityat low lift coefficients is traced to the
slight~ fO~@ shift of. no and at hi@~er llft co~fficients,to ‘
the large increa~e of d~/da with increasing lift ccmfficient.
(See fi~. 17(a).) The forward shift of no caused by addtig the

● propeller is explained hy the fact that.
a pitched propeiler produces

a normal Force similar to a small fixed horizontal airfoil. The
loss in slxhllity resulting from the’a~plication of”,power is primrily

● caused by the lar~ increaseof &s/da and (dCL/da)b, both of which

“[ld&@.),-morethanoffsete the increase in qt/q. and
.,. dCL b

The effects d“ power on the singlo-siottid-f”lapconl-i~vation
are slriilarb thoti on the flap-neutral configuration but.- ~
larger. (,-e fig. 14.) An increase in” ~ is gore than offset by
increases in (dCL/d~)b and d~/da. (See fig. >7(b).)

The over-alleffect of power, relative.to the propeller-off
case, on the double-slotted-flap configuration ia.@.@ab~lizing as
for the sihgle-slotted-flap configuration hut is much larger.
(See fi~. 14,) The forwsrd np~shift ,reachesabout 20 percent Man

. aerodynamic chord at hi@” lift coefficients. (See fig. 15.) Data
for the propaller-windmilling case as well as for several of the

stabiliti~par-tors
G$>:-r%oinvest’stidtiti “
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yropeller off and power on are unavailable. The stability parameters
no ad ~dCL/dajb> however, show an increase with power as did

*

the single+ lotted-flap configurateon but this increase 1s much
larger than it is for the doubl~ lotted-flap configuration.

Effect of wing position.- A comparison of the lon~itudinal
stability of the 10W-W@ ~o~e~ (ref~ronce 12) wit,hthat of the
high-wing model showed that ~~ and him lift coefficients
the hi.~w~~ model was,more sale for all newer and.flap conditions.
For low lift coefficients the low-wing model was more ~~-ble. This
fact is a characteristic difference between Low-wiw and high+ring
airplanes.

The high-wing position With flap neutral exhibited a greater
destabilizing effect of power than the low-wing position. For the
single-slotted-flap configuration the low-wing position Bhowed bettor
Stalility charactetiatic~with power at low lift coefficients but
poorer stability characteristicswith power at high lift coofficiente.

The effeots o: flap de~lection and power on the elevato~free
stability,,in general, are s~mi.lm
fixed stability. The results show
the elevator-free neutral point is
flxod neutral point (between.1 and
a tendency of the free elevator to
at the tail.

to the effects on elevator-
tkit, in all cases (figs. 13 and 14),
slightly foiward of the elevato~
6percent M.A.C.) and indicates

.

float with the relatlve airetream
w

.Longitudinal Control and T-

Effect of flape.- A study of the elevator test results for the
proykileu-off cond~tion (figs. 19(a), 20(a), and U(a)) i.ndl.cates -
that the neutral-flap condition will require an elevator deflection
of about -20° to trim the model at the maxinnuqlift cooffioient for
the contel-of gravity at which the model WSQ tested (26.7 percent
M.A.C.). The sing~e4].otted-fle,Fcondition at the Uame stabilizer
setting would require a much &reater negative elevator deflection
for trim at the maximum lift coefficient because the negative tail
load required for trim is increasedas a result of the increase in
tail-off pitching mcment due to flaps. The amount of negative
elevator required for trim was reduced for the tests to a reasonable
value of -1.1.”by ad~usting the stabilizer settin~ downward 8,3°,

Deflection of the double.slottod flap causes a large wing-
diving mment and an increased downwash at the tail. The resultant

.

I
V’ ;
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downward increment
diving monsnt. An

in tail load is Insufficient to offset Khis
elevator deflection of shout -24°, ther@ore, till.

le required to trim the model at the maximum lift coefficient. ‘This
deflection is close to the usual limit of ne~tive elevator travel.
If ~,e incidellcesetting of -1.3° ware maintained, therefore, the
e-levatorcontrol would yrobabl.ybe insufficient‘shofidtk cegter
of ~avi@ be dhifted forward or shouM. the model be in pr~~.ty

.

of the &rcIund. A ne@tive increase In tail,incidence throu@h the .—.

use of em adjustable.stabilizer would im>roye this condit~oh. l?~ - ‘“
Center-cf-@avit:- tis.vel,however, would still be seriously.liniited
because the horizontal ttil ts on the ver@ of stalling even tith” .
the tail slot open. ..

A comparison of elevator tast results with prcpeller off
(figs. 19(a), ZO(~), and n(a)) aniiwith propeller windmilling
(figs. 19(b), 20(b), aid n(b) ) shows small and negligible di.ffgr-
ences in the elevator deflectlons required lor trim. The most
noticeable differsncs occurs with the double-slotted-flap ccnfi&ura-
ti.on;with the pro~ller windmillt~ less ne~tive elevator is
required for trim than with the propeller off. ~l~s difference is
due both to tbe Fropeller-fin effect and to tho corresponding ~
increaf33ddow.mashat the tail. r

A stui@ of tie elevator test results for the power-on condition
(figs. 19(c).,20(c), and n(c) ) reveals a similarity with the @wr-
off conditicn discussed previously. The negative elevator defI..ections
required to trim far the flap-l~utral ad ~-e ‘s~~t~~-f ~P
corK@urations were mmewhat leas witi~power on but, with the
double slotted flap deflected, tke ele~atar deflection required to
trhn was eli@tb- .geater”. A ne&ptive increase ~in@il inctdence
thrm.lglhti:euse of sa adjustable stabilizer would i.m-provethis
Conditton.,

Ef f ec~ of -~o~r.- The ~st re$flts for M.e fbp-nell~d. S.nd -
single-sloiAfxl-fl.@’corifi~urationsindieatd smaller negative
elevator deflectims for trtm with power on them tit.i propeller off.
In the case of the neutral flap, the power effects increase the ~ .-
-c -press- ratio and i31ightlyincreaSe the dcwnwask; (See
fig. U[(a).) Inasmuch as a slight downward tail load is required
for trim, tileinc~ease in dynamic’pressure ti in downwashact t%
reduce the ne&ative elevator raquired for trim. In the case of the
eingle-slotted-flap com-i~at ion, fi~~~ 20 shows t.lmtmore down
load on the tail is required to trim witfipxer. !lheincretised
“down~sh and d.ynemic-pressure ratio at the tail, hbwei%w, tend to “
reduce the negative eleva+ar required.for tiim.

..

flap confi~=at ion
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moment (fig. 11(c)) end,consequently ~ater negative tail loads
are requtied to trim. Ufiess an ad~ustable stabilizer wera provided,
the model would have insufficient elevator to maintain control up
to the mexiiiumlift coefficient. J?.rhe proximi~ of the ground would
aggra~ate the situation and a more negative stabilize. or elevator
would be required.

Ef’fect of win

-—*dK--

osition.- A compaxizon was made of elevator
effestiveness and @t/d5e) for the 10W-WinG ~til

(reference 12) and for the present high-wi= model. The low-wing
model showed the better effectiveness with the flap-neutial
configuration; whereas the models showed about the same ef~ectiwneas
with the single-slotted-flapconfiguration. The cw~arison of
the low-wing and high-wing models could not_be carried to the tiou31e-
slotted-flap configuration%ecauseof the ticompletenees.of the
high-wing dati, but the available data suggest that the Eigh-wing
model should have a sli@tly higher elevator effectiveness.

Tuft Studies

Figwres 21(a) and 21(b) show the results of tuft studies on
the wing witl~the double elatted flays’extended. With the propeller ~
windmilling (fig. 21(a)) the.rear flap was,almost completely stalled
throughout the ea@e -of-attack ranGP. The frcnt flap and the main
part of the wtng, homverj did not”show any stall characteristics
until higher angles of attack were reached. Whe’ntinemin part of
the wing etarted to stall, the rear flap unstalled. When power is
applied (fifi.21(b)),,most of the center p~t remains unstslled
throu@otit the a@e -of-attack r-. This effeet of slipstream
is in accord with previous experience. It is not lcnuwn.howevor,
whether the rear flap wl12 stall when on a Ihll+oale a?.q,lane.

The wing tips are shown to stall fitist. ~i.s undesirable
condition, however,.may be considerably affected by the Reynolds
number as well as by tunnel-wall.effect. Comlxxtatione“indicatethat
the
the
the

induced upwash at the wing caused by tho ~unnel wa.lleincreased
effective angle of attack of the tip about O.3CL0, thus givtnG
wing a“ effective washin.

Landing Characteristics

For the puryose of computing landing characteristicu, the drag
a~inst lift data of’the present investigation (effectiveReynolds
number, 1,600,000) were extrapolated to an effective Reynolds number
of 8,000,000 (approximatelyfull scale). The original.and the

I

I.-1
I

●
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extrapolated curves of ~ against ~ for zero

are plotted in the lower >srt 0? ftgure yd. W~th

,. 17

pitohi~ moment

tlwse curves are ““
plot-%d calculated curves-of ~, required to ensure a sinking sp6c3d

of 25 feet per second.,agai.mt CL for Var?.ouswing loading=~
Another set of curves plotted in the upper par% uf figure 22 gives
Vi ~inst CL for ty.esame ting 10-s. L

. .

An exenple will.illustrate the estil~ticn of landing character-
i.stiesfrom fi%we 2:: Select the desired h“t coefficient “
(for example, CL = 1.0) and note the value of CD msam.rredon the

appropriate curve. Next note the value of ~ required on the

cmve for the desired wing loading (for example, ~ lb/ft2) for
this same value of ~., If C%a~Wed is laffsthan C

%x@rad’
the sinkingspeed will be less than 25 feet pe second;and-if

%1113
is more than CD the ainktingspeed will le more

asured requlredf
than 25 Ieet per second. H’

%
is ne.ggtive,a cllmb is

asured
indicated.

It was found that a wing loading of approximately 90 pounds Qer
square foot could ‘beattained ‘wtthoutexoeeding We recommended
nmximmn sinking speed cd’25 feet per second (referenoe 13) with pwer

* off end either flap neutral or sin@e slotted flap deflected. (See
fig. 22.) With tie double slotked flap deflected,”a wing loa?linQ& ‘
approximately,~ patis per square foot may be attained without

4 exceeding a sinki~ speed of 25 fee% ~r second. ‘

With tineapplication of power, correspondin& to me h~sepower
on figure 8, for flap neutr~ and single slotted flay deflected,
the airplane will tend to gain altitude over most pf the lift range.
With the dou%le slotted flap deflected, ti.n~loadings as high as
200 pounds per square foot may he attained without exceeding a
sinl:in~speed of 25 feet per eecond. (See fi~. 22.) .

The power requi~ed to maintain an iti.ca~tedsinking speed.of
25 feet per second (reference 13) at O.~“.% (est-ted for

effective Reynolds nunlwr of 8,000,(JCQ) at various wing loadings is
showm in figure 23 for three diffarent mcdel scales (1/4, 1/5,
and 1/8 scale). This figuzze,derived frcm tlhemodel data of figure 22,
also shows the wing loadings that may be attained without exceeding

. the recommended sinking speed with power of~.. Witi the application
of flaps Wae power must be .Increasedto avoid exoeeding the recom-

.J . , mended sinking speed at a given wing loading.
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CONCLUSIONS
s-

The resultsof the longitudinal stability and contiol investigation
of e pc,weredmodel of a single-engine ki$h-wing airplane witinfull-
eTan single and dcni’leslotted flaps and an elevated l,orizon~l tail
am in ~eneral aacord with previous experience with powered mode2s
and with qualitative tl:eoreticalconsiderations. In particular,
t~leresults indicate tliat:

Lift characteristics:

1. Deflection of the double s~otted flap ymducsd almost twice as
much lift-coefficient incmmwnt &e did the deflection of the single
slotted flap.

2. The application of power @watly magnif’iodboti the lift
..

increments and tail-off lift-curve dopes.

Lon@tudinal stability:

1. The application of pcwer decreased tl?estability of the wdal
for all.three flap confi.wations.

—

Longitudind”control and trim: .

1. Zle-iatordeflection required to triM with pwr off was,
increased with increase in flap deflection. .

2. !JY,eapplication of power decreased tke amount of ne&a.tiv@
elevator required tn trim for all three flap c~”iquraticxm.

Landing characteristics:

1. Deflecting the flaps reduced the maxfi,~fiwingload@ that
ma,ybe used with power-off without exce&iing a sinking speed of
25”feet per second.

2. Deflecting the flaps required
en indicated sinking speed of 25 feet
loadin~.

Efrect”of Wh.gposition:

an increase In power to ntiintain
per second at a given wing

1. The present high-wingmodel produced slightly hi@er
curve slopes than the corresponding low-wing model discussed
NACA TN NO. 1?39.

lift-
In

-.

-1

.
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2. The high-wing model was more stable at medium and high lift
ooeffioients; wkereae the low-wing model was more stable at low”lift
coeff’icients.

3. With flap neutral the ,ele’vatoreffectiveness was better on
the low-wing mod.elthan on the hi-wing model; however; the data
available indioated that with e. irioreasein flap deflection the
elevator effeotlvenesa might becae better on the high-wing model.

t

LangleyMemorial Aeronautical Iaboratozy
National Advisoly Colmnitteefor Aeronautics.

Langley Field, Vs., April 28, 1947
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TABLEI

1

MODEL WING AND TASL-SWRFACE DATA

I wing

Area, sq ft

span,ft

Aspect ratio

Taper ratio

%Ihedral, deg

Root section

bAn@3 of incidence at
root, deg

bA@e of incidence at
tip, deg

M.A.C., ft

Root chord, ft

Theoretical tip chord, ft

9.440

7.433

5.91

0.443

1.9

NACA 2215

NACA 2209

1*O

1.0

1.360

1.800

O.l?uo

Horizontal
tail

1.920

2.542

3.36

0.438

0

Clark Y
(Inverted}

Clark Y
(Inverted)

-1.3, 7

-1.3, 7

1 ● 141

0.500

Vertical
tail

1’250

3..508

1.81

---------- --

-.-”---- ---

MICA 0009

NACA 0004.5

-1.50

-1.50

---”---- ---

1.272

.-..-... . . .

%Dihed&al
bAngle of

~asured with respect to chord plane.
incidence measured with respeot to fuselaw center line.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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.

Elevator Rudder FlaP

Percent span 99.5 99.1 93.0

Area behind hin~
line, Sq ft o.621 0.506 ..---

Balanc% azzea,sq ft o ●131 Min- -----

Root-mean-square chor&
behifi bin@ line, ft 0.264 0.353 ..”.-

Dlstance to hin~ line
from normal centerof 3.721 3.611 ---. ”

~avity, ft

TAHGE III

TAZL-OFF LIFT CHARACTERISTICS

CL flc~
Flap Operating condition (Tail Ofg (Tail off, %

a= 0°) a = 00) (a = 0°)

Neutral

1’

‘o.17
I

-“------ 0.076

single slotted Propeller off’ ‘ 1.17

J 1

1.00 .083

Double slotted 2.04 1.87 .086
-: r

Newiral

L

{

.~6 --------- .076

Single slotted repeller tindntil.ling l.~’j’ 1.01 .063

Double slotte~ 2.o7 1.91 .083

1 {

.

Neutral .%5 --------- .080

single slotted Power on, 1.03 1.08 .098
Tc ‘ = 0.161 CL

Doubleslotted 2.46 2.31 .134

NATIONAL ADVISORY
COMMITTEEFOR AERONAUTICS
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Figure l.- Three-view drawing ofthe ~-scale model as a single-enginehigh-wing airplane.
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Figure 2.- System of axes and control-surface hinge moments and
deflections. Positive values off orces, moments, and angles are
indicated by arrows. Positive values of tab hinge moments and
deflections are in the same directions as the positive values for
the control surfaces to which the tabs are attached.
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